CUG was formerly considered a universal leucine codon in yeast. In 1989, however, Kawaguchi et al. re- ported that the codon CUG is translated as serine instead of leucine in the ascomycetous yeast Candida cylindracea. Subsequently, several authors reported that other Candida species, including C. albicans and C. parapsilosis, also utilize the codon CUG as a serine codon (Ohama et al., 1993; Santos and Tuite, 1995; Sugiyama et al., 1995; Ueda et al., 1994) . The "Codon Capture Theory" has been proposed as the mechanism for the change in the genetic code (Osawa et al., 1992) . Another mechanism that requires codon ambiguity has been also proposed (Santos et al., 1997 (Santos et al., , 1999 . Furthermore, it was recently found that codon CUG is a novel type of codon, a "polysemous codon" (Suzuki et al., 1997) .
To construct a novel yeast taxonomic system, we examined the relationship between the amino acid assignment of codon CUG and the molecular phylogeny. Approximately 80 Candida species were investigated. It was suggested that the species decoding CUG as serine and leucine are phylogenetically distinct (Sugita and Nakase, 1999) . Although nonuniversal decoding is widespread in the class Hemiascomycetes, no other yeast species have been examined.
In this study, we analyzed the relationship between the utilization of codon CUG and the molecular phylogeny of all yeasts by identifying the amino acid assignment of codon CUG in basidiomycetous yeasts. The in vitro translation of codon CUG was investigated in the 12 basidiomycetous yeasts listed in Table  1 . They include the hymenomycetous, urediniomycetous and ustilaginomycetous yeasts. An in vitro translation assay was performed by the method of Ohama et al. (1993) in the manner we described previously (Sugita and Nakase, 1999) . Briefly, yeast cells were mechanically broken with glass beads, and the supernatant was then centrifuged at 30,000ϫg. The S-30 fraction was subjected to Sephadex G-25 column chromatography (Pharmacia Biotech, Uppsala, Sweden). An in vitro translation assay system was set up, using the S-30 fractions from these species. Synthetic mRNA with CUG codons in-frame, which had been transcribed from a synthetic DNA by T3 RNA polymerase, was used to determine whether codon CUG is translated as serine or leucine in the basidiomycetous yeasts. For the molecular phylogenetic analysis, the small subunit ribosomal DNA (SSU rDNA) sequences of related species were obtained from DNA sequence libraries. The zygomycetous fungi Mucor mucedo (X89434) and Zoophthora radicans (D61381) were used as outgroups. The sequences were aligned by using the program CLUSTAL W (Thompson et al., 1994) ; introns were excluded from the alignment. For the neighbor-joining analysis (Saito and Nei, 1987) , the distances between the sequences were calculated by using Kimura's two-parameter model (Kimura, 1980) . Sites where gaps existed in any of the sequences were excluded.
All 12 basidiomycetous species translated codon CUG as leucine (Fig. 1) . Nonuniversal decoding was not found in these species. These data suggest that in the yeasts as a whole, only the species in the C. albicans-C. zeylanoides clade on the phylogenetic tree have a nonuniversal genetic code (CUGϭserine) (Fig. 
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2). Because our previous study investigated only Candida species, this clade contains not only Candida, but also Pichia and Debaryomyces. The "Codon Capture Theory" explains the evolution of a genetic code change (Osawa et al., 1992) . The species in the C. albicans-C. zeylanoides clade have a wide range of genomic GC content (approximately 30 to 63 mol%). Therefore the direction of mutation pressure has changed rapidly within a very short time, even in species that are phylogenetically closely related. On the other hand, basidiomycetous yeasts have approximately 50 to 65 mol% GC contents in their genomic DNA. The range of GC content in basidiomycetous yeasts is narrower than in ascomycetous yeasts. In bacteria, Mycoplasma and Mesoplasma use codon UGA as tryptophan, not as a stop codon. However, Phytoplasma, which belongs to the same class, Mollicutes, utilizes codon UGA as a stop codon (Namba et al., 1998) . Until now, nonuniversal genetic codes have been discovered for codon CUG (ϭserine) and UGA (ϭtryptophan). The distribution of these codons is well localized on the molecular phylogenetic tree.
In conclusion, our data show that the basidiomycetous yeasts have no nonuniversal genetic code in which CUG codes for serine. In yeasts as a whole, this code is found only in the C. albicans-C. zeylanoides clade on the phylogenetic tree. 
